Intracranial pressure (ICP) monitoring is a well established monitoring modality in the treatment of acute head injury. Only in children is it used frequently in bacterial meningitis, and then not at all institutions. We report a case of acute bacterial meningitis in a United Nations (UN) soldier serving in Rwanda treated at the Australian military hospital in Kigali in which ICP monitoring played a key role in his management. We believe this is the first time that the Australian Defence Force Health Services have employed this technique.
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CASE REPORT
Our patient was a 38-year-old previously well soldier serving with the UN in Rwanda. He initially presented to his Regimental Medical Officer (RMO) with a 24-hour history of general malaise and headache. He was given three pyrimethamine/sulfadoxine ("Fansidar") tablets for possible malaria, although he had been taking mefloquine prophylaxis. Over the next 24 hours he became increasingly unwell, and the following morning he was again seen by the RMO who found him semi-conscious with neck stiffness, photophobia and febrile (38.0°C). He was given 2.4g of penicillin and 1g of chloramphenicol intravenously and evacuated by air to the Australian hospital with a provisional diagnosis of bacterial meningitis.
On arrival at our facility he had a Glasgow Coma Score of 9, BP 140/90, pulse rate 85/min, positive Kernig's sign and marked neck stiffness and photophobia. Peripheral reflexes were all reduced, plantar reflexes were equivocal. Biochemistry was essentially normal; full blood examination revealed a white cell count of 13.0 x 10 9 /l. The fundi were visualized and no papilloedema was seen. A lumbar puncture was performed. Thick turbid CSF was obtained, pH 8, 3+ protein, 1+ glucose, 3+ white cells (90% polymorphs), 2+ gram positive diplococci resembling streptococci. He was given ceftriaxone 2g IV statim.
Following the lumbar puncture he became increasingly agitated, his right pupil dilated and his pulse slowed. He was paralysed, intubated, hyperventilated and given mannitol 40g IV. Computerized tomography (CT) was not available. He was taken to the operating theatre for an emergency right frontal burr hole and an 8 Fr infant feeding tube was passed into the anterior horn of the right lateral ventricle. ICP was measured at 30 mmHg. CSF 5 ml was drained acutely and ICP fell to 5 mmHg. Arterial and central venous lines were inserted and the patient transferred back to ICU for further care.
In ICU his right pupil rapidly returned to normal. Treatment included aggressive control of ICP and cerebral perfusion pressure (CPP), with the aim of keeping ICP less than 15 mmHg and CPP greater than 70 mmHg. He was kept paralysed, hyperventilated to a P a CO 2 of 30 to 32 mmHg and sedated. In order to maintain CPP in the desired range, he required some volume support with polygeline (following his mannitol-induced diuresis) to maintain mean arterial pressure (MAP). Specialist ICU Nursing Officers managed the minute-by-minute control of CPP. If ICP was not controlled with the above measures, then venting of 2 to 3 ml of CSF when ICP exceeded 15 mmHg, at no more frequent intervals than half hourly, was performed. A closed drainage system was fashioned from available material including a bile drainage bag. He was loaded with phenytoin 1g and continued on 300 mg daily. Ceftriaxone 1g twelve-hourly was administered.
CSF venting was required frequently in the first 24 hours only. After approximately 48 hours the ICP monitor was removed, and a further sample of CSF collected at the time revealed 1+ white cells, no organisms, but a light growth of the same strepto-coccal species. Our laboratory staff were unable to characterize this organism further, but they were able to determine it was not S.pyogenes, S.pneumoniae, S.faecalis, or a viridans-type streptococcus. It was sensitive to all beta lactams, ciprofloxacin, erythromycin and resistant to gentamicin and trimethoprim. The patient was later shown to be HIV positive. He was extubated approximately 54 hours after admission. He had a receptive dysphasia which cleared over the next ten days, with comprehension in Swahili returning prior to that in English. On day 3 he developed an extensive herpes stomatitis which responded well to oral acyclovir 200 mg 5 times daily. The stomatitis and the unusual streptoccocal species lead us to speculate that his HIV infection was well advanced, although we were unable to arrange a CD4 count in Nairobi (the nearest specialist centre) prior to his discharge. He was repatriated to his home country fourteen days after admission.
DISCUSSION
There are numerous accounts of the use of intracranial pressure monitoring in traumatic head injury, and the technique is a widely accepted practice in most intensive care units. It has been shown to be safe and perhaps improves outcome 1 . Similar data exist supporting its use in intracerebral haemorrhage 2 . Data from patients with meningitis is harder to obtain, particularly in adult patients, although there are studies supporting its use in paediatric patients [3] [4] [5] [6] . If the adult patient with meningitis remains obtunded or suffers further neurological deterioration despite aggressive therapy, we believe ICP monitoring is indicated. In addition, if CT scanning is available and cerebral oedema or swelling is present with obliteration of the basal cisterns, small ventricles, and poor grey/white matter differentiation, ICP monitoring may be worthwhile. Timely ICP monitoring with CSF venting, and vigorous control of CPP may improve outcome. ICP monitoring in adults with encephalitis generally reveals ICP measurements lower than 15 mmHg and peak ICP elevation does not usually occur until the beginning of the second week of illness 7 . Other serious complications such as cerebral vein thrombosis, or supervening hydrocephalus due to basal cistern block with fibrinous adhesions and exudate may also result in neurological deterioration and increased ICP and hence benefit from ICP monitoring.
In the absence of CT scanning, the decision to perform ICP monitoring in these patients must be based on clinical criteria. This case report demonstrates that it is feasible to manage brain failure with aggressive treatment including ICP monitoring in a remote location without CT scanning.
The technique of insertion of a ventricular catheter requires some training and may be difficult if the ventricles are small. Specific training is recommended for the general military surgeon in this regard. It is also recommended that an intensivist and intensive care nurse specialists be included as members of the team when advanced resuscitation and ongoing intensive care are required in the remote setting.
In conclusion, this case supports the use of ICP monitoring in bacterial meningitis in selected patients and that with meticulous attention to the maintenance of CPP, secondary brain injury can be minimized. It also illustrates that ICP monitoring is possible even under field conditions. This has important implications for the care of neurological trauma and CNS infections in a military setting. We recommend that military surgeons become familiar with the technique of insertion of ICP monitoring catheters.
